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METHOD FOR FORMING FIELD OXIDE OR 
OTHER INSULATORS DURING THE 
FORMATION OF A SEMICONDUCTOR 

DEVICE 

FIELD OF THE INVENTION 

The invention relates to the ?eld of semiconductor manu 
facture, and more speci?cally to the formation of an isola 
tion region such as ?eld oxide. 

BACKGROUND OF THE INVENTION 

Many types of semiconductor devices such as dynamic 
random access memories (DRAMs), static rams (SRAMs), 
programmable memories, and microprocessors are formed 
in much the same way. Layers of oxide, nitride, and poly 
crystalline silicon (polysilicon or poly) are formed over a 
substrate such as silicon to form ?eld and gate oxide, 
capacitor cell plates, word and digit lines, and various other 
structures. 

To form a thick oxide layer such as ?eld oxide, a thin 
blanket oxide layer is formed over a substrate. A blanket 
layer of protective material such as nitride is formed over the 
oxide layer, and a patterned mask is formed over the 
protective layer to cover regions of protective material while 
other regions of protective material remain exposed. The 
exposed protective regions (and often the underlying oxide 
layer) is etched to expose the underlying oxide layer (or 
underlying substrate). The substrate is then oxidized to form 
the ?eld oxide. Other procedures using the local oxidation of 
silicon (LOCOS) are known. 

Encroachment of isolation material such as oxide under 
adjacent nitride during ?eld oxidation is well documented. 
Encroachment decreases the size of the usable silicon area 
for transistor formation, thereby decreasing transistor pack 
ing density on silicon. The following patents assigned to 
Micron Technology, Inc. are related to encroachment and/or 
?eld oxide, and are incorporated by reference: U.S. Pat. No. 
4,959,325 issued Sep. 25, 1990; U.S. Pat. No. 4,965,221 
issued Oct. 23, 1990; U.S. Pat. Nov 5,049,520 issued Sep. 17, 
1991; U.S. Pat. No. 5,087,586 issued Feb. 11, 1992; U.S. 
Pat. No. 5,118,641 issued Jun. 02, 1992; U.S. Pat. No. 
5,332,682 issued Jul. 26, 1994; U.S. Pat. No. 5,358,894 
issued Oct. 25, 1994; U.S. Pat. No. 5,438,016 issued Aug. 
01, 1995. 
A process which reduces ?eld oxide encroachment effects 

to maximize the usable silicon area during the formation of 
a transistor would be desirable. 

SUMMARY OF THE INVENTION 

In one embodiment of a method for forming a semicon 
ductor device a ?rst insulation-resistant layer, which forms 
at least a portion of a sidewall, is formed over a semicon 
ductor layer. A second insulation-resistant layer is formed 
over at least a portion of the sidewall, and an oxidizable 
layer is formed over the second insulation-resistant layer. 
The oxidizable layer is oxidized along with a portion of the 
semiconductor layer. 

Various objects and advantages will become apparent to 
those skilled in the art from the following detailed descrip 
tion read in conjunction with the appended claims and the 
drawings attached hereto. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1—5 are cross sections describing various stages of 
one possible embodiment of the invention. 

It should be emphasized that the drawings herein are not 
to scale but are merely schematic representations and are not 
intended to portray the speci?c parameters or the structural 
details of the invention, which can be determined by one of 
skill in the art by examination of the information herein. 

DETAILED DESCRIPTION OF THE 
INVENTION 

One embodiment of an inventive method for fon'ning a 
semiconductor device comprises the steps of forming a 
patterned ?rst insulation-resistant layer 10 such as nitride 
over a semiconductor layer 12 such as a silicon substrate, as 
shown in FIG. 1. An interposed buffer layer 14, for example 
a pad oxide insulation layer, can optionally be used to reduce 
the possibility of damage to the semiconductor layer 12. 
Patterning of the insulation-resistant layer can be completed 
by forming a mask layer 16 over a blanket insulation 
resistant layer then etching the insulation-resistant layer to 
result in the layers of FIG. 2. If the buffer layer is used it may 
be etched to undercut the ?rst insulation-resistant layer such 
that a space is formed between the ?rst insulation-resistant 
layer and the semiconductor layer. As shown in FIG. 2, the 
?rst insulation-resistant layer forms at least a portion of a 
sidewall. Also shown in FIG. 2, a portion of the substrate 12 
is optionally etched to form a trench 20 in the substrate 12, 
either with a single etch or with a different etch from the ?rst 
insulation-resistant layer etch, and the sidewall is formed by 
the buffer layer and the substrate as well as the ?rst insu 
lation-resistant layer. The substrate is then oxidized 22 to 
reduce damage from subsequent layers. 

Next, a second insulation-resistant layer 24, for example 
of nitride, is formed over the sidewall and an oxidizable 
layer 26 is formed over the second insulation~resistant layer 
as shown in FIG. 2. If the buffer layer 14 is undercut, the 
second insulation-resistant layer 24 will ?ll in the space 
resulting from the etch as shown in FIG. 2. The oxidizable 
layer 26 can be silicon, for example polycrystalline silicon, 
although other materials may function adequately. An aniso 
tropic etch such as a spacer etch is completed to etch the 
second insulation-resistant layer and the oxidizable layer to 
result in the insulation-resistant layer 30 and the oxidizable 
layer 32 as shown in FIG. 3 
The oxidizable layer is oxidized, which consumes the 

oxidizable layer quickly, consumes the substrate more 
slowly than the oxidizable layer, and even more slowly 
oxidizes the second insulation-resistant layer. Ideally, just as 
the second insulation-resistant layer is completely oxidized, 
the oxide layer to be formed (for example ?eld oxide) is 
completed thereby minimizing the encroachment of the 
oxide under the ?rst insulation-resistant layer to result in the 
oxide structure 40 of FIG. 4, such as ?eld oxide. Any 
remaining portion of the ?rst insulation layer 10 is removed 
to result in the structure of FIG. 5. 

While this invention has been described with reference to 
illustrative embodiments, this description is not meant to be 
construed in a limiting sense. Various modi?cations of the 
illustrative embodiments, as well as additional embodiments 
of the invention, will be apparent to persons skilled in the art 
upon reference to this description. It is therefore contem 
plated that the appended claims will cover any such modi 
?cations or embodiments as fall within the true scope of the 
invention. 
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What is claimed is: 
1. A method for forming a semiconductor device com 

prising the following steps: 
a) forming a ?rst insulation-resistant layer over a semi 

conductor layer, said ?rst insulation-resistant layer 
forming at least a portion of a sidewall; 

b) forming a second insulation-resistant layer over said 
sidewall; 

c) forming an oxidizable layer over said second insula 
tion-resistant layer; and 

d)oxidizing said oxidizable layer, a portion of said semi 
conductor layer, and completely oxidizing said second 
insulation-resistant layer over said sidewall. 

2. The method of claim 1 ?rrther comprising the step of 
etching said ?rst insulation-resistant layer and said semi 
conductor layer during a single etch step to form a trench in 
said semiconductor layer, wherein said sidewall comprises 
said semiconductor layer and said ?rst insulation—resistant 
layer. 

3. The method of claim 2 wherein said oxidizable layer is 
formed in said trench. 

4. The method of claim 1 wherein said second insulation 
resistant layer is oxidized during said step of oxidizing said 
oxidizable layer. 

5. The method of claim 1 wherein said oxidizable layer 
comprises silicon. 

6. The method of claim 1 further comprising the step of 
etching a blanket insulation-resistant layer to form said ?rst 
insulation-resistant layer. 

7. The method of claim 1 further comprising the following 
steps: 

a) forming an insulation layer over said semiconductor 
layer prior to forming said ?rst insulation-resist layer; 

b) undercutting said insulation under said ?rst insulation 
resistant layer, said ?rst insulation-resistant layer and 
said semiconductor layer having a space therebetween 
resulting from said undercut; 

c) ?lling said space with said second insulation-resistant 
layer during said step of forming said second insula— 
tion-resistant layer over said sidewall. ' 

8. A method for forming a semiconductor device com~ 
prising the following steps: 

a) forming an oxide layer over a silicon layer; 
b) forming a ?rst nitride layer over said oxide layer and 

said silicon layer, said nitride layer and said oxide layer 
forming at least a portion of a sidewall; 

c) forming a second nitride layer over said sidewall; 
d) forming an oxidizable layer over said second nitride 

layer; and 
e) oxidizing said oxidizable layer, a portion of said silicon 

layer, and completely oxidizing said second nitride 
layer over said sidewall. 

9. The method of claim 8 wherein said step of oxidizing 
forms ?eld oxide. 

10. The method of claim 8 further comprising the step of 
forming a trench in said silicon layer prior to said step of 
forming said second nitride layer. 
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11. The method of claim 10 wherein said oxidizable layer 

is formed within said trench. 
12. The method of claim 8 wherein said second nitride 

layer is oxidized during said step of oxidizing said oxidiz 
able layer. 

13. The method of claim 8 wherein said oxidizable layer 
comprises silicon. 

14. The method of claim 8 further comprising the follow 
ing steps: 

a) etching said oxide layer under said ?rst nitride layer 
during said etch step, said ?rst nitride layer and said 
silicon layer having a space therebetween resulting 
from said etch; 

b) ?lling said space with said second nitride layer during 
said step of forming said second nitride layer over said 
sidewall. 

15. A method for forming a semiconductor device com 
prising the following steps: 

a) forming an oxide over a silicon layer; 

b) forming a blanket ?rst nitride layer over said oxide 
layer and said silicon layer; 

c) etching said ?rst nitride layer and said oxide layer to 
form a sidewall from at least said oxide layer and said 
?rst nitride layer; 

d) forming a second nitride layer over said sidewall; 
e) forming an oxidizable layer over said second nitride 

layer; 
f) etching said oxidizable layer and said second nitride 

layer to form a spacer from said oxidizable layer and 
said second nitride layer; 

g) oxidizing said oxidizable layer, a portion of said silicon 
layer, and completely oxidizing said second nitride 
layer Which comprises said spacer. 

16. The method of claim 15 wherein said silicon is etched 
to form a trench during said step of etching said ?rst nitride 
layer and said oxide layer, and said sidewall is formed from 
at least said ?rst nitride layer, said oxide layer, and said 
silicon. 

17. The method of claim 16 wherein said oxidizable layer 
is formed within said trench. 

18. The method of claim 15 further comprising the 
following steps: 

a) etching said oxide layer under said ?rst nitride layer 
during said step of etching said ?rst nitride and said 
oxide, said ?rst nitride layer and said silicon layer 
having a space therebetween resulting from said etch; 

b) ?lling said space with said second nitride layer during 
said step of forming said second nitride layer over said 
sidewall. 

19. The method of claim 15 wherein said second nitride 
layer is oxidized during said step of oxidizing said oxidiz 
able layer. 

20. The method of claim 18 wherein said oxidizable layer 
comprises polycrystalline silicon and said step of oxidizing 
forms ?eld oxide. 


